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graphic characteristics affecting different health status indicators to
assess their impact on the measurement of self-reported health status
among the Tunisian population using the Tunisian version of the 12-
item Short-Form Health Survey (SF-12). Methods: Psychometric prop-
erties of the SF-12 were validated for a random sample of individuals
(N ¼ 3864) aged 18 years and older. The SF-12 summary scores were
derived using the standard US algorithm. The principal-component
analysis was used to conﬁrm the hypothesized component structure
of the SF-12 items. Results: “Known-subgroup” comparisons showed
that the SF-12 discriminated well between groups of respondents on
the basis of sex, age, education, and socioeconomic status, providing
evidence of construct validity. The results suggest the existence of
reporting differences related to the sociodemographic characteristics
affecting the health status indicators. For a given latent health status,ee front matter Copyright & 2015, International S
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limitations and chronic diseases. Mental health problems are over-
reported by divorced people and underreported by the oldest people.
In addition, highly educated and socially advantaged people more
often report social activities limitations due to the problems of
physical and mental health. Conclusions: The ﬁndings showed that
the Tunisian version of the SF-12 is a reliable and valid measure, and
suggest its potential for measuring health-related quality of life in large-
scale studies, speciﬁcally when overall physical and mental health are
the outcomes of interest instead of the typical eight-scale proﬁle.
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In recent decades, several global health organizations have
focused on generic instruments for measuring physical and
mental health to assess social heterogeneity in self-reported
health status and building broad coalitions around a measure
of population health compatible with the World Health Organ-
ization’s deﬁnition of health: “Health is a state of complete
physical, mental, and social well-being, and not merely the
absence of disease or inﬁrmity” [1].
The measurement of health-related quality of life (HRQOL)
seems to be necessary because it will monitor the population’s
health status over time, to compare the impact of health
conditions of individuals and identify differences in health status
between women and men and between social categories. HRQOL,
however, is a multidimensional concept that includes physical,
psychological, and social domains of health and is broadly
accepted as an important outcome measure of health care [2].
The two main approaches to measuring HRQOL are generic and
disease-speciﬁc instruments, and most of the experts recom-
mend the use of both concurrently [3]. HRQOL is thereforeinterested in the ultimate outcome of the medical action and
represents, at the time, an indicator of the efﬁciency of care
choice. It is the subjective perception of the patient about his or
her disease and its treatment. Regarding the generic instruments,
the 36-item Short-Form Health Survey (SF-36) is probably the one
that is most widely used [4,5].
The 12-item Short-Form Health Survey (SF-12), however, is a
multipurpose, generic 12-item questionnaire developed from the
SF-36 that is one of the most widely used health status evaluation
tools [6,7]. The SF-12 provides a shorter but still valid and reliable
alternative to the SF-36 for use in large samples. The SF-12 yields
an eight-scale proﬁle of scores as well as physical and mental
health summary measures: physical functioning (PF, two items),
role limitations due to physical functioning (role-physical [RP],
two items), bodily pain (BP, one item), general health (GH, one
item) perceptions, vitality (VT, one item), social functioning (SF,
one item), role limitations due to emotional problems (role-
emotional [RE], two items), and mental health (MH, two items).
Answers to questions of these subscales are combined (weighted)
with Physical Component Summary (PCS-12) and Mental Compo-
nent Summary (MCS-12) scale scores.ociety for Pharmacoeconomics and Outcomes Research (ISPOR).
icts of interest with regard to the content of this article.
onomics and Quantitative Methods, Higher Institute of Business
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valid and reliable measure for evaluating overall community
health status [8,9] as well as minority ethnic groups [4,10]. Studies
have shown that it would properly distinguish various health
status indicators among elderly people [11,12]. Similarly, well-
documented research works have shown that the SF-12 summary
scores are acceptable measures of HRQOL in patients with differ-
ent diagnoses such as MH disorders [13], osteoarthritis [14],
retinal diseases [15], low back pain [16], and obesity [17]. Studies
have found, however, that although the instrument showed
acceptable validity and reliability, its factor structure in some
countries with different cultures might not follow the intended
structure of the instrument [12,18].
As a recent publication noted, because the ability to accurately
and efﬁciently measure physical and mental health is of great
importance in academic and clinical settings and the SF-12 takes
less than 6 minutes to administer and provide such information,
the questionnaire is quickly becoming one of the most popular
instruments not only in its original country but also among
investigators from other nations [19]. The SF-12 has been trans-
lated into most major languages such as Spanish, French, Ger-
man, Swedish, Japanese [20], Italian, Russian, Greek, and Chinese
[21,22].
The main purpose of this study was to explore the reporting
differences related to sociodemographic characteristics affecting
different health status indicators to assess their impact on the
measurement of HRQOL. The originality of this study lies in
registering in an economic framework for measuring HRQOL and
reﬂecting on the construction of two synthetic latent variables
from different health status indicators using the Tunisian version
of the SF-12 to scale them by comparison and measure differ-
ences in self-reported health status to each indicator in the
Tunisian population.Methods
The Tunisian Version of the SF-12
The SF-12 is the abridged practical form of the SF-36. It is a widely
used screening device for measuring physical, mental, and social
well-being to assess quality of life [23,24,49]. The SF-12 was
developed as a shorter alternative to the SF-36, and it includes
12 questions and eight scales: PF (two items on limitations doing
moderate activities and climbing several ﬂights of stairs), RP (two
items on less accomplishment than one would like to achieve
and limitation in kind of work or other activities), BP (one item on
pain interference with one’s normal work), GH (one item on GH
perception), VT (one item on having energy), SF (one item on
interference of physical health or emotional problems with one’s
social activities), RE (two items on less accomplishment than one
would like to achieve and not being careful in doing activities as
usual), and MH (two items on feeling calm or peaceful and feeling
sad or blue).
The 8 health concepts were selected from 40 concepts
included in the Medical Outcomes Study [25]. Those chosen
represent the most frequently measured concepts in widely used
health surveys and those most affected by disease and treatment
(see Fig. 1).
As for the SF-36, permission was taken from the Quality
Metric Incorporated to develop the Tunisian version of the SF-
12. The SF-12 has been useful in comparing general populations,
comparing the relative burden of diseases, differentiating the
health beneﬁts produced by a wide range of different treatments,
screening individual patients, and unfavorable self-evaluations of
GH status [6]. The International Quality of Life Assessment
(IQOLA) Project is translating, validating, and norming the SF-12for use in multinational clinical trials and other international
studies [20,23,26].
Based at the Health Assessment Laboratory at New England
Medical Center, the project began in 1991 with sponsored inves-
tigators from numerous countries. In addition, researchers from
more than 30 other countries, including Tunisia, translated and
validated the SF-12 using IQOLA Project methods. The translation
and cross-cultural adaptation steps that were used to translate
the SF-12 English version to the Tunisian version, however, were
equal to those adopted by the IQOLA Project. During the process
of translation, the wording of some items was changed to identify
health concepts adopted in the Tunisian version. The changes in
some terms made the Tunisian version of the SF-12 more
objective and easier to understand and administer.
The Tunisian version of the SF-12 has been administered
successfully to the illiterate population as well as to young and
older adult patients by investigators trained in this purpose.
Completion requires from 2 to 6 minutes, with a high degree of
acceptability and data quality [7]. The eight SF-12 scales are
ordered in terms of their factor content (i.e., construct validity)
and grouped into two summary measures that are important in
their use and interpretation. The MH, RE, and SF scales and the
MCS measure have been shown to be the most valid SF-12 scales
for measuring mental health. This pattern of results has been
replicated in both cross-cultural and longitudinal tests using the
method of known-groups validity. The PF, RP, and BP scales and
the PCS measure have been shown to be the most valid SF-12
scales for measuring physical health.
Response categories for items vary from two- to six-point
scales, and raw scores for items range from 1 to 6. After recoding
raw scores for some items (BP, GH, VT, and one item from MH),
the raw scores could be transformed to provide scores for eight
scales, each ranging from 0 (the worst) to 100 (the best). This
method of scoring assumes that item or items belonging to each
scale can be transformed or summed without standardization of
scores or item weighting [7,27]. We used this method to calculate
scale scores. To calculate the PCS-12 and the MCS-12 scores,
however, we used the Quality Metric Health Outcomes Scoring
Software 2 (see Table 3). All the 12 items are used to produce
scores for the PCS-12 and the MCS-12 and apply a norm-based
scoring algorithm empirically derived from the data of a US
general population survey [28]. It has been recommended that
the US-derived summary scores, which assume a mean of 50 and
an SD of 10, should be used to facilitate cross-cultural compar-
ison of results [29,30].
Data and Descriptive Statistics
The data used for these analyses were obtained from a cross-
sectional population-based study conducted in Tunis, Tunisia, by
the National Institute for Public Health in 2012. The SF-12 was
administered to a random sample of individuals aged 18 years
and older. Participants were grouped, proportionally to the
Tunisian population, by sociodemographic characteristics
according to a three-stage sampling methodology. In the ﬁrst
stage, a random sample of building blocks was selected in
proportion to the size of the Tunisian population. In the second
stage, households were randomly selected by systematic sam-
pling. In the third stage, an eligible participant was selected by
simple random sampling in each household. A total of 3864
individuals were interviewed in their domicile. Individuals
reported information on sociodemographic variables such as
sex, age, marital status, education, income, and social status,
with the latter three serving as proxy estimators of socioeco-
nomic status.
Results are expressed as mean and SD for quantitative
variables and as counts and percentages for categorical variables.
Component Summary MeasuresScales Items 
3b. Moderate activities 
Physical Functioning 
(PF) 
3d. Climb several flights 
Role-Physical (RP) 
4b. Accomplished less 
Physical Health 
PCS 
4c. Limited in kind 
Bodily Pain (BP) 8. Pain-interference
General Health (GH)1. Health rating in general 
Vitality (VT) 9e.Having a lot of energy
Social Functioning(SF) 10. Social activities
Mental Health 
MCS 5b. Accomplished less 
Role-Emotional (RE) 
5c. Less careful 
9d.Feel calm and peaceful 
Mental Health (MH) 
9f. Feel sad and blue
Fig. 1 – SF-12 measurement model. All health domain scales contribute to the scoring of both the Physical Component
Summary (PCS) and the Mental Component Summary (MCS) measures. Scales contributing most to the scoring of the
summary measures are indicated by a connecting solid line (). Scales contributing to the scoring of the summary measures
to a lesser degree are indicated by a dotted line ( . . . . ). Data source. Ware et al. [45]. SF-12, 12-item Short-Form Health Survey.
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measurement model were evaluated and to found to be of high
psychometric standards. Guidelines for testing were derived from
those recommended for use by the IQOLA Project [6,20] for
validating psychological and educational measures.
To test reliability, the internal consistency for summary
scores was estimated using Cronbach alpha coefﬁcient [31] and
alpha values exceeding the 0.70 level were considered satisfac-
tory [7]. “Known-subgroups” construct validity was assessed by
examining hypothesized relationships between sociodemo-
graphic and health-related variables. It was expected that
females, elderly people, widowed people, divorced people, and
those who have a lower education or are unemployed would
report poorer health status. Test for trends was used for compar-
isons. Summary scores, according to subgroups, however, were
compared with the t test. Linear regression was performed to
determine the total variance of the PCS-12 and MCS-12 scores
explained by the SF-12 items. Convergent validity of the SF-12
was assessed by performing item-scale correlations, and com-
parable summary scores and dimensions were expected [6].
Pearson rho was calculated to measure the association between
item-scale for the eight SF-12 subscale scores and PCS-12 and
MCS-12 scores (see Table 3). It was expected that item scoreswould correlate higher with own hypothesized scale than with
other scales and that PF, RP, BP, and GH scores would correlate
higher with the PCS-12 and the VT, SF, RE, and MH scores would
correlate higher with the MCS-12 [27].
In addition, the factor structure of the SF-12 was extracted by
performing both exploratory factor analysis and conﬁrmatory
factor analysis (CFA). Exploratory factor analysis was performed
using the principal-component analysis with varimax rotation
(see Table 2). It was hypothesized that a two-factor solution
would be obtained with eigenvalues greater than 1.00. Finally,
CFA was performed while a two-factor model (PCS-12 and MCS-
12) was speciﬁed for the analysis (see Fig. 2). We report several
goodness-of-ﬁt indicators including goodness-of-ﬁt index (GFI),
adjusted GFI, the root mean square error of approximation,
normed ﬁt index, and comparative ﬁt index. The GFI and the
adjusted GFI are chi-square–based calculations independent of
degrees of freedom. The recommended cutoff values for accept-
able values are 0.90 or more. The root mean square error of
approximation tests the ﬁt of the model to the covariance matrix.
As a guideline, values of less than 0.05 indicate a close ﬁt and
values below 0.11 indicate an acceptable ﬁt. The comparative ﬁt
index values range from 0 to 1, with a value of more than 0.90
being acceptable ﬁt to the data [32,33].
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Fig. 2 – Conﬁrmatory factor analysis. BP, bodily pain; GH,
general health; MCS, Mental Component Summary; MH,
mental health; PCS, Physical Component Summary; PF,
physical functioning; RE, role-emotional; RP, role-physical;
SF, social functioning; VT, vitality.
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In total, 3864 individuals were studied (1859 men and 2005
women), with a response rate of 77.8%. The participants were
mostly female, with an average proportion of 51.9%, and the sex
ratio (women/men) was 1.08. The questioned subjects were
grouped into six classes: 18 to 24 years, 25 to 39 years, 40 to 49
years, 50 to 59 years, 60 to 74 years, and 75 to 85 years. The mean
age of the respondents was 35.4  15.1 years, and they had had a
formal education of 10.2  4.5 years respectively. Participants had
mostly secondary level (N ¼ 1974 [51.1%]) education. In a general
way, 21.5% of the respondents were in the age group of 25 to 39
years and 24.2% belonged to the age group of 40 to 49 years. But
the variations remain relatively modest. The proportion of
married people who answered was discreetly higher than that
of single people (64.1% vs. 24.5%). In the same way, the number of
single people was discreetly higher than that of widowed/
divorced people (11.4%). The sociodemographic characteristics
of the study sample are presented in Table 6.
Table 1 summarizes descriptive statistics for the SF-12 scales.
Cronbach alpha coefﬁcient for the PCS-12 and MCS-12 scores was
0.76 and 0.74, respectively, which indicated satisfactory results.
For both the PCS-12 and the MCS-12, the mean score was 50.14 
8.51 and 47.93  9.85, respectively. The PCS-12 and MCS-12 scores
were negatively skewed because respondents scored toward the
higher end of the health spectrum. Moreover, no ﬂoor or ceiling
effects in the SF-12 scores were observed in this general pop-
ulation sample, indicating the ability of the instrument to capture
a full range of health states. It was expected that women, old
people, and those with lower educational levels would have
lower scores than would men, young people, and better educated
respondents in all measures.
The difference in SDs was maximum for BP and VT. The
minimum-maximum range was always exactly the same except
for MH and SF, which had a minimum score of 4 points. For PF,
PR, and BP, the maximum score was 2 points in the general
population. Two summary scale scores, the PCS-12 and the MCS-
12, recorded at the time the effect of ﬂoor and minimum ceiling.
This is related to the fact that each summary scale score is the
synthesis of scores of the eight subscales of the SF-12, with a very
signiﬁcant weight of the four physical scales for the PCS to a very
weight of the four mental scales for the MCS. This weightedaggregation scale has to suppress ﬂoor and ceiling effects. The
result was that variability in individual scores for size was much
larger, which limited the ceiling and ﬂoor effects without, how-
ever, necessarily inﬂuencing average scores also.
Table 2 provides the item-scale correlation matrix for the
eight SF-12 scales (Pearson r). As expected, each item was well
correlated with its dimension (overall range from 0.41 to 1.00) and
much less with the dimensions to which it does not contribute
(overall range from 0.19 to 0.54). Therefore, all items meet the
criterion for a priori convergent validity, that is, to say a
correlation between an item and its dimension exceeds 0.40.
In addition, the results from correlation analysis showed that
item scores correlated higher with their own hypothesized scale
than with other scales and that the PF, RP, BP, and GH subscales
correlated higher with the PCS-12 score, whereas the VT, SF, RE,
and MH subscales correlated more with the MCS-12 score, lend-
ing support to its good convergent validity. Principal-component
analysis with varimax rotation loaded two factors. The results are
presented in Table 3. Eigenvalues for the two factors that
explained most of the variance observed were 3.96 and 2.42,
respectively. The two-factor structure (PCS-12 and MCS-12)
jointly accounted for 67.9% of the variance.
The CFA (Fig. 2) provided a good ﬁt to the data, lending support
to the original hypothesized structure of the questionnaire, with GFI
¼ 0.98, adjusted GFI ¼ 0.95, root mean square error of approxima-
tion ¼ 0.092, and comparative ﬁt index ¼ 0.95. However, the results
showed that PF, RP, BP, and GH items loaded higher on the PCS-12,
whereas SF, RE, VT, and MH loaded higher on the MCS-12.
However, the results conﬁrm the assumptions made by Ware
et al. [6,7]. The association of PF, RP, and BP with the physical
dimension, however, should be strong (r 4 0.70), whereas it
should be low (r o 0.30) with the mental dimension. MH and RE
fulﬁlled the two conditions laid down as hypothesis, namely, a
greater association (0.70) with the mental dimensions and a
lower association (0.30) with the physical dimensions. The
associations between SF and the two synthetic dimensions were
consistent with what was expected, almost a moderate associa-
tion with the physical dimension and a strong association with
the mental dimension. By assumption, VT and GH would record a
moderate to substantial association with both synthetic dimen-
sions. We can therefore conﬁrm the association between the
eight subscales, and the ﬁrst two-factorial axis satisﬁes the
assumptions for the general population, which conﬁrms the
structural and conceptual validity of the questionnaire.
Scoring and Linear Transformations of Scores
The scores of 12 items and two scales were calculated, and a high
score corresponded to a better state of health. Response categories
for items vary from two- to six-point scales, and raw scores for
items range from 1 to 6. For example, on item number 5, “During
the past four weeks, how has your physical pain limited you in
your work or your household activities?” a low score means that
the patient has little concern but a high score indicates that the
patient is very much concerned with his or her condition.
After recoding raw scores for some items (BP, GH, VT, and one
item from MH), the raw scores could be transformed to provide
eight subscale scores, each ranging from 0 (the worst) to 100 (the
best) (Table 4). This method of scoring (summated ratings)
assumes that item or items belonging to each subscale can be
transformed or summed without standardization of scores or
item weighting [20,34]. We used this method to calculate subscale
scores. To calculate the PCS-12 and MCS-12 scores, however, we
used the Quality Metric Health Outcomes Scoring Software 2. The
software uses all the 12 items to produce scores for the PCS-12
and the MCS-12 and applies a norm-based scoring algorithm
empirically derived from the data of a US general population
Table 1 – Item description and descriptive statistics for the SF-12 component summary scores.
SF-12 items (scale) Mean  SD 95% CI Response frequencies (%)
1 2 3 4 5 6
Limitations in moderate physical
activities (PF1)
2.60  0.58 2.53–2.62 12.5 18.4 69.1 – – –
Limitations in climbing several ﬂights
(PF2)
2.63  0.60 2.61–2.65 10.2 15.8 74.0 – – –
Accomplished less due to physical
health (RP1)
1.84  0.53 1.80–1.86 23.6 76.4 – – – –
Limited in kind of work or activities
due to physical health (RP2)
1.82  0.46 1.80–1.84 25.3 74.7 – – – –
Pain interference with work inside or
outside home (BP)
3.26  1.38 3.22–3.31 4.6 19.9 33.8 26.5 15.2 –
Health rating in general (GH) 4.33  0.84 4.28–4.35 3.0 7.3 8.8 21.5 59.4 –
Interference of physical health or
emotional problems with social
activities (SF)
3.88  0.92 3.84–3.92 3.8 7.9 14.5 22.4 51.4 –
Accomplished less due to emotional
problems (RE1)
1.77  0.49 1.74–1.80 20.2 79.8 – – – –
Not careful in work or activities due
to emotional problems (RE2)
1.73  0.45 1.70–1.76 23.5 76.5 – – – –
Having a lot of energy (VT) 4.15  1.37 4.13–4.18 3.3 9.6 16.2 24.5 30.5 15.9
Feel calm and peaceful (MH1) 4.55  1.15 4.53–4.58 2.0 5.9 9.6 26.9 34.1 21.5
Feel downhearted and blue (MH2) 3.96  1.18 3.92–3.99 2.7 7.6 13.5 30.4 26.8 19.0
Summary statistics PCS-12 MCS-12
Mean  SD 50.14  8.51 47.93  9.85
95% CI 49.71–50.48 47.66–48.35
Cronbach α 0.76 0.74
Skewness –0.93 –0.62
Minimum (% ﬂoor) 12.68 (0.01) 9.44 (0.01)
Maximum (% ceiling) 69.54 (0.01) 66.97 (0.01)
Data source. National Institute for Public Health [48].
BP, bodily pain; CI, conﬁdence interval; GH, general health; MH, mental health; PF, physical functioning; RE, role-emotional; RP, role-physical;
SF, social functioning; SF-12, 12-item Short-Form Health Survey; VT, vitality.
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summary scores, which assume a mean of 50 and an SD of 10,
should be used to facilitate cross-cultural comparison of results
[27]. These scores are obtained by applying the following formula:
Transformed score for each scale¼ original score of the scale –
the lowest score possible origin

= range of possible scores

for the original scale
 100
In addition, “known-groups” construct validity was assessed
by examining hypothesized relationships between sociodemo-
graphic and health-related variables and SF-12 component
scores. Signiﬁcant differences, however, were observed within
both SF-12 component scores across the distributions of the
sociodemographic and health-related variables (Table 6). Specif-
ically, it was expected that men would score higher than women
and both summary scores would be negatively associated with
age. The adopted proxy indicators of socioeconomic status
(education and employment) were positively related to HRQOL.
Speciﬁcally, “known-groups” comparison showed that the SF-
12 discriminated well between subgroups of people with differ-
ences in sex, age, educational status, and health condition. As
hypothesized, women, older people, and respondents with lower
education reported poorer health status in all measures than did
men, younger participants, and those with a better educational
status. People without any chronic conditions scored higher on
the PCS-12 and the MCS-12 than did those with a chronic
condition. Furthermore, being divorced or widowed, sufferingfrom a clinical condition, and higher health service utilization
(physician consultations and hospital admissions) all correlated
negatively with PCS-12 and MCS-12 scores. These differences
were statistically signiﬁcant (P o 0.01) and conﬁrmed expected
relationships in support of the construct validity of the
instrument.Validity of the SF-12 According to Sociodemographic
Characteristics
In the following text, we examine the relationship between
sociodemographic variables and health status. An external vali-
dation of the SF-12 highlighted by sociodemographic variables is
to examine and compare the scores of the eight dimensions for
the population according to age group, sex, income level, and
social and marital status. The differences between these sub-
groups should conﬁrm what otherwise is known about the health
status of these subgroups or that can reasonably be hypothesized
on their social gradients.
Scores According to Age Group
The calculation of the SF-12 scores was performed by age group
restricted to adults aged 18 to 85 years. For the four physical
dimensions, the higher scores were observed in the younger age
group (18–24 years) and the lowest scores were observed more for
the older age group (75–85 years). The decline in scores with
Table 2 – Item-scale correlation matrix for the eight SF-12 scales (Pearson r).
Scale PF RP BP GH SF RE VT MH
PF
PF1 0.84 0.53 0.45 0.50 0.35 0.37 0.38 0.34
PF2 0.82 0.47 0.42 0.46 0.30 0.32 0.34 0.32
RP
RP1 0.46 0.81 0.51 0.45 0.40 0.51 0.41 0.34
RP2 0.51 0.80 0.54 0.53 0.39 0.47 0.38 0.30
BP
BP1 0.49 0.63 1.00 0.60 0.51 0.42 0.49 0.35
GH
GH1 0.47 0.54 0.61 1.00 0.43 0.41 0.54 0.40
SF
SF1 0.32 0.41 0.44 0.46 1.00 0.51 0.58 0.62
RE
RE1 0.31 0.46 0.32 0.38 0.49 0.77 0.43 0.46
RE2 0.29 0.41 0.35 0.42 0.53 0.76 0.46 0.48
VT
VT1 0.34 0.39 0.41 0.51 0.48 0.39 1.00 0.49
MH
MH1 0.19 0.27 0.29 0.37 0.51 0.41 0.57 0.70
MH2 0.19 0.31 0.34 0.39 0.61 0.48 0.55 0.71
Note. P o 0.01 for all correlations.
Data source. National Institute for Public Health [48].
BP, bodily pain; GH, general health; MH, mental health; PF, physical functioning; RE, role-emotional; RP, role-physical; SF, social functioning;
SF-12, 12-item Short-Form Health Survey; VT, vitality. Reproduced with the permission of Springer.
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ered dimensions (see Fig. 3). For information, the physical
dimensions recorded a maximum deviation of about 36 points
according to age for RP. This gap was minimum for GH.
The analysis of scores of the four mental dimensions seems
more complex. Indeed, the variation on the basis of age for both
VT and SF dimensions remained stable around a score of 71% for
the younger age group (18–24 years) and 52% for the older age
group (75–85 years). The RE consistently changed its trend,
ranging from 73% to 79% for people aged 20 to 59 years, before
falling to 61% for those aged 74 to 85 years. The trend for MH as a
function of age was about 68%. To conclude, age has a signiﬁcant
impact on the perceived health status; therefore, the probability
of having good health decreases with age.Table 3 – Factor structure of the SF-12 derived from prin
Item description
Limitations in moderate physical activities (PF1)
Limitations in climbing several ﬂights of stairs (PF2)
Accomplished less due to physical health (RP1)
Limited in kind of work or activities due to physical health (RP2)
Pain interference with work inside or outside home (PB)
Health rating in general (GH)
Interference of physical health or emotional problems with social activi
Having a lot of energy (VT)
Accomplished less due to emotional problems (RE1)
Not careful in work or activities due to emotional problems (RE2)
Feel calm and peaceful (MH1)
Feel downhearted and blue (MH2)
Eigenvalues
Variance explained (%)
BP, bodily pain; CI, conﬁdence interval; GH, general health; MH, mental h
SF, social functioning; SF-12, 12-item Short-Form Health Survey; VT, vitaScores According to Sex
For the four physical dimensions, we observed a similar associ-
ation between scores for women and men. Regardless of this fact,
women were slightly underrepresented in the two highest cate-
gories of age (46.3% of the women among respondents aged 50–59
years and 43.5% among those aged 60–74 years). These results
show that deterioration in the perceived physical health is closely
linked to age. Sex has a signiﬁcant effect on a person’s perceived
health. Indeed, in adults younger than 50 years, although the
impact of sex is diminished, it remains signiﬁcant, especially for
women who are less likely to have a good perceived health status
than do men. The RP scores, however, were 63.1% for men and
64.5% for women, and BP scores were 61.9% for men and 60.6% forcipal-component analysis.
SF-12 domain Factor 1 Factor 2
PF 0.80 0.19
PF 0.81 0.20
RP 0.70 0.31
RP 0.74 0.32
BP 0.75 0.36
GH 0.69 0.41
ties (SF) SF 0.34 0.67
VT 0.45 0.58
RE 0.38 0.71
RE 0.33 0.70
MH 0.16 0.73
MH 0.27 0.74
3.96 2.42
37.5 30.4
ealth; PF, physical functioning; RE, role-emotional; RP, role-physical;
lity. Reproduced with the permission of Springer.
Table 4 – Description of the scores for each scale.
Scale Mean  SD Median Minimum Maximum
Physical functioning (PF) 65.4309  34.15 75 0 100
Role-physical (RP) 57.3411  36.22 50 0 100
Bodily pain (BP) 60.7219  37.03 50 0 100
General health (GH) 55.8230  35.19 25 0 100
Vitality (VT) 46.2153  24.38 40 0 80
Social functioning (SF) 52.3471  33.17 75 0 100
Role-emotional (RE) 57.6324  27.42 50 0 100
Mental health (MH) 45.6152  25.31 40 0 80
Data source. National Institute for Public Health [48]. Reproduced with the permission of Springer.
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among men.
Figure 4 shows that the perceived health for women was
minimal for mental dimensions. The difference in scores
between men and women, however, was statistically signiﬁcant
only for the four mental dimensions. It is commonly accepted
that the perceived health of women is lower than that of men.Scores According to Education Level
Figure 5 shows that the probability of having good perceived
health increases with the level of education and training type.
The education level, however, has a signiﬁcant positive impact
on health status, all things being equal. Individuals without a
diploma or professional school education recorded the lowest
perceived health scores for all dimensions with the exception of
the RP score, which was minimal for those who had attended
primary school. The general trend for all dimensions was an
increase in scores with increasing education level.
From the high school level, however, there was often a
decrease, or even slight regression of the scores, for higher levels
of education. The top-level respondents recorded the maximum
scores for PF and RE. The general trend for the general populationTable 5 – Scoring and linear transformations of SF-
12 scores.
PFz (PF – 70.3947)/13.6104
RPz (RP – 63.2712)/15.9625
BPz (BP – 65.2148)/21.7961
GHz (GH – 60.857 3)/12.1405
VTz (VT – 51.9251)/7.2934
SFz (SF – 57.3973)/13.5379
REz (RE – 63.5279)/10.1663
MHz (MH – 50.1439)/8.0545
PCS [(PFz  0.42402) þ (RPz  0.35119) þ (BPz  0.31754) þ
(GHz  0.24954) þ
(VTz  0.02877) þ (SFz  –0.0753) þ (REz  –0.19206) þ
(MHz  –0.22069)]  10 þ 50
MCS [(PFz  –0.22999) þ (RPz  –0.12329) þ (BPz  –0.09731) þ
(GHz  –0.01571) þ
(VTz  0.23534) þ (SFz  0.26876) þ (REz  0.43407) þ
(MHz  0.48581)]  10 þ 50
Data source. National Institute for Public Health [48].
BP, bodily pain; GH, general health; MH, mental health; PF,
physical functioning; RE, role-emotional; RP, role-physical; SF,
social functioning; MCS, Mental Component Summary; PCS, Phy-
sical Component Summary; SF-12, 12-item Short-Form Health
Survey; VT, vitality.corresponds well with the hypothesis of health status being
positively linked to the level of formal education.
Scores According to Activity Type
Figure 6 shows that for physical dimensions, highest scores from
the six categories of activity envisaged are observed in the age
group of young people who are in training. People working full
time were in second position, but they reached the highest scores
for each of the four mental dimensions. If one omits the
respondents in training, working full time is always associated
with the highest scores (the direction of the relationship is not
univocal). Except for young trainees, part-time workers received
the second highest scores for physical dimensions.
For mental dimensions, trainees achieved good scores for
both SF and RE dimensions and average scores for both VT and
MH dimensions. The physical health of retirees had the lowest
score of the six categories. Similarly, retirees pursuing a part-time
job often had higher scores than did other retirees. The difference
was especially important for PF, VT, and RE. These two cases
indicate that an activity outside the home, often professional,
was positively associated with higher scores of perceived health
status. This is not surprising given the age of this category and
the impact of age on the scores of the physical dimensions.
In view of the mental dimensions, the situation of those who
had retired or were receiving pensions varied a lot. It was
relatively good for MH, average for VT and SF, and bad for RE.
The unemployed were in a middle position for physical dimen-
sions. However, they were still in the last or the second last
position for MH dimensions. For synthetic score PCS-12, only
people at home had a signiﬁcantly lower probability of having a
score above the median compared with full-time workers. For
synthetic score MCS-12, it was the trainees and the unemployed
who ﬁnd themselves in this health gradient. The scores for each
dimension depending on the variable “activity” are hardly altered
by adjusting for sex and age. The social position of unemployed
as a population at risk is conﬁrmed, especially for mental
dimensions; the same was true for the people at home and for
retired people for physical dimensions. It was again unexpected
that trainees consider their health as worse than do those
working full-time, mostly for mental dimensions.
Scores According to the Professional Status
The probability of having good perceived health status increases
with the social level. Figure 7 shows that the profession has a
signiﬁcant inﬂuence on perceived health status. Managers and
clerks, however, are more likely to have good perceived health
than do workers and employees. Their advanced age partially
explains this difference for physical health dimensions. Indeed,
the workers and employees always recorded the lowest scores.
For all MH dimensions, scores still grow regularly with the
Table 6 – Comparison of the SF-12 summary scores by sociodemographic characteristics and chronic disease
condition.
Variable N (%) PCS-12* MCS-12*
Total sample 3864 (100) 50.14  8.51 47.93  9.85
Sex
Male 1859 (48.1) 50.59  10.28 49.91  8.33
Female 2005 (51.9) 49.57  10.39 47.89  9.76
Age group (y)
18–24 583 (15.1) 52.45  8.13 51.52  7.53
25–39 831 (21.5) 51.90  10.11 50.18  8.08
40–49 935 (24.2) 49.78  7.37 48.50  9.18
50–59 711 (18.4) 47.59  10.03 45.85  10.25
60–74 580 (15.0) 40.52  12.37 45.12  10.29
75–85 224 (5.8) 38.40  12.25 34.53  13.57
Educational status
Without diploma 282 (7.3) 38.76  12.10 39.35  12.30
Primary level 657 (17.0) 45.53  10.31 43.16  10.90
Secondary level 1974 (51.1) 50.49  9.71 48.91  9.19
Higher level 951 (24.6) 52.13  8.35 51.14  7.53
Employment status
Employed 1,920 (49.7) 53.24  8.13 50.39  7.78
Retired 398 (10.3) 40.84  12.60 46.36  10.61
Housekeeping 777 (20.1) 47.63  10.59 46.90  9.88
Student 328 (8.5) 51.72  6.35 50.97  7.61
Unemployed 441 (11.4) 49.63  8.65 45.18  9.42
Marital status
Single 946 (24.5) 53.31  7.05 49.58  10.53
Married 2477 (64.1) 50.17  11.78 50.46  9.82
Widowed/divorced 441 (11.4) 42.28  12.91 44.80  11.51
Chronic disease (Z1)
Yes 1171 (30.3) 42.81  10.66 45.39  9.37
No 2693 (69.7) 49.42  10.55 50.69  7.76
Physician visit (past month)
Yes 1154 (29.9) 42.05  13.71 44.79  10.98
No 2704 (70.1) 52.13  8.38 49.87  8.34
Hospitalization (past year)
None 3006 (78.0) 50.38  9.73 49.28  8.94
Once 520 (13.5) 43.29  13.12 45.73  8.88
Once 328 (8.5) 35.44  10.57 39.58  14.19
Data source. National Institute for Public Health [48].
MCS, Mental Component Summary; PCS, Physical Component Summary; SF-12, 12-item Short-Form Health Survey.
* P o 0.01 for all PCS-12 and MCS-12 subgroup differences. Values are mean  SD.
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employees to managers/farmers through clerks. The managers
and farmers have almost identical scores for PF and BP dimen-
sions. Clerks have registered the best scores in comparison with
the farmers for the RP dimension. For the four mental dimen-
sions, the difference was statistically signiﬁcant. The ﬁrst three
mental dimensions provided higher scores for self-employed, but
the difference was signiﬁcant for RE and VT. Employee or
independent status was strongly associated with sex and age.
For the eight dimensions, managers and clerks record scores
above the median, which was always higher than that of employ-
ees/workers. Controlling the scores by sex and age by dimension
based on the hierarchical level of employees leads to an
increased gap between managers and employees/workers for
most mental dimensions. But the general trend is the existence
of high scores for managers and clerks.
Scores According to Household Income
For a given latent health status, household income has a positive
and signiﬁcant effect on health status. We posed the hypothesis
that health status increases with the income level. For alldimensions, we observed a signiﬁcant association between
income level and health scores (see Figure 8). A higher income
level increases the chances of having good perceived health
status. Indeed, scores for PF and GH tended to stagnate or even
decline for an income of 750 to 955 dinars. It was noted that the
lowest scores were concentrated among respondents who
reported a personal income of 200 to 400 dinars and not among
those with an income of less than 200 dinars. The latter have
generally achieved scores comparable to the scores of those with
an income of 400 to 585 dinars. When we compared the scores of
respondents by income depending on the age and sex of
respondents, the result seems signiﬁcantly notable. The proba-
bility of an income category obtaining a score above the median
was signiﬁcantly different from that of the reference category. In
this case, scores of social groups with a higher income differ
signiﬁcantly from the scores of those with the lowest income.
The tendency to have a better FP, BP, and GH score was clear for
those with an income of more than 750 dinars. But the difference
was signiﬁcant only for the highest income category. Health
status tended to increase with income for GH and SF, and the
differences were signiﬁcant for the highest income category.
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Fig. 3 – Scores according to age group. Data source. National Institute for Public Health [48]. BP, bodily pain; GH, general health;
MH, mental health; PF, physical functioning; RE, role-emotional; RP, role-physical; SF, social functioning; VT, vitality.
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Another form of external validation of the questionnaire is to
analyze the trend of scores by dimension depending on the mode
of life. The questionnaire asked the respondents to clarify
whether they were single, married, divorced, or widowed. It can
be expected that perceived health status scores, particularly
those relating to mental dimensions, may be worse for divorced
and widowed than for others. Figure 9 shows that single people at
advanced age had scores lower than those of other people
(couples or divorced) regardless of their lifestyle.
At this stage of life, only the widowed and the divorced had SF
scores considerably higher than those of married people, and
married people always had better scores than did single people.
For mental dimensions, divorced people were receiving high scores
than did married people. The probability that the scores of the
dimensions are greater than the median was usually higher among
divorced than among widowed people. This difference in probability,
however, was never signiﬁcant for single and married people.Discussion
To our knowledge, this study is the ﬁrst to assess the psycho-
metric properties of the Tunisian version of the SF-12 and is0
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Fig. 4 – Scores according to sex. Data source. National Institute fo
mental health; PF, physical functioning; RE, role-emotional; RP,expected to add to the growing list of languages and cultures for
which the instrument has been evaluated. The results suggest
that the instrument appears to be a valid and reliable measure
that can be used in measuring HRQOL. Indeed, evidence suggests
that the SF-12 is applicable among diverse population clusters
and is appropriate as a health status measure in subgroups of a
population. This implies that the SF-12 is potentially suitable for
inclusion in large-scale health surveys in Tunisia and for
cross-cultural quality-of-life comparisons, as a valid alternative
to the SF-36, because the present study used the norm-based
scoring algorithms for calculating the PCS-12 and MCS-12 scores
[6,20].
The psychometric tests of the Tunisian version of the SF-12
showed satisfactory results. However, both principal-component
analysis with varimax rotation and CFA supported a two-factor
structure for the instrument, which ensured the original con-
ceptual model of the instrument [7,29]. The hypothesis regarding
the item-component correlations also showed desirable results.
As expected, the PF, RP, BP, and GH subscales correlated higher
with the PCS-12 while the VT, SF, RE, and MH subscales correlated
more with the MCS-12 score. The result is somewhat different
from that reported by Ware et al. [7], in which PF, RP, and BP
subscales correlated highly with the PCS-12 score, MH, RE, and SF
subscales correlated highly with the MCS-12 score, and VT, GH,VT SF RE MH
ions
Women
r Public Health [48]. BP, bodily pain; GH, general health; MH,
role-physical; SF, social functioning; VT, vitality.
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[35]. However, a number of studies have shown that the vitality
item appear to correlate higher with the PCS-12 score than with
the MCS-12 score [36]. It should be noted that this might be due to
cultural differences among people from different countries or
that this simply might have occurred because of translation
problems [37].
Similarly, well-documented research works have shown that
SF-12 summary scores are acceptable measures of HRQOL in
patients with different diagnosis. However, ﬁndings from an
Italian study [21] and a Greek study [30] showed that the SF-12
has good validity and could be applied among both the general
population and speciﬁc patient groups. Furthermore, the psycho-
metric properties of the Iranian version of the SF-12 provided
evidence on the validity of the instrument and supported its use
in Iranian HRQOL studies [38].
Consistent with almost all the surveys using the HRQOL, this
study showed that women have poorer quality-of-life scores than
do men, with mean  SD values of PCS-12 and MCS-12 scores of
49.67  10.39 and 47.89  9.76, respectively. Moreover, the mean
score for the PCS-12 and the MCS-12 was 50.14  8.51 and 47.93 
9.85, respectively. Compared with the results from nine countries
[29], signiﬁcantly lower mean PCS-12 and MCS-12 scores were
observed for respondents in this study. The ﬁndings also indi-
cated that mental HRQOL among a general Tunisian population
was lower than the physical HRQOL. The result that MCS scores0
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Fig. 6 – Scores according to activity type. Data source. National In
health; MH, mental health; PF, physical functioning; RE, role-emdecreased with increasing age is not consistent with most of the
literature, which notes that MCS scores tend to improve with
increasing age.
In agreement with results from general population studies in
the United States [6,7] and Europe [29], the results suggest that no
ﬂoor or ceiling effects in the SF-12 scores were observed in this
general population sample, indicating the ability of the instru-
ment to capture a full range of health states. In addition, “known-
subgroup” comparison showed that the SF-12 summary scores
were able to distinguish very well groups of respondents in the
expected manner on the basis of sex, age, educational status, and
chronic health problem, providing evidence of its construct
validity. It should be noted that women, elderly people, and
people with lower educational status had poorer health com-
pared with men, the younger people, and those with higher
educational status.
The present investigation conﬁrmed that social biases affect
health reports and are able to affect the measurement of social
inequalities in health. Known-subgroup comparisons showed
social differences in latent health. Moreover, the results showed
reporting heterogeneity for a given latent health. Similar to
ﬁndings from Moessgaard et al. [39], we showed that women
overreport physical activity limitations. This effect of sex on
reporting functional limitations can no doubt be explained by
the use of the most common care given health state, more
attention to health problems, a better understanding of theVT SF RE MH
ensions
In training Retired Unemployed
stitute for Public Health [48]. BP, bodily pain; GH, general
otional; RP, role-physical; SF, social functioning; VT, vitality.
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Fig. 7 – Scores according to professional status. Data source. National Institute for Public Health [48]. BP, bodily pain; GH,
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vitality.
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problems, and women having a latent health worse than do men.
Several studies showed that underreporting of diseases is
highly recognized within social groups with a low level of
education, low income, and of the most disadvantaged classes
[40,41]. These reporting biases related to socioeconomic, demo-
graphic, pathological, or cultural characteristics are today recog-
nized as a major obstacle for interindividual comparison of
reported health levels and for the analysis of social inequalities
in health [41–44].
In agreement with the work of Van Doorslaer and Gerdtham
[45], the results also suggest overreporting of functional limita-
tions by the elderly. These differences in social reporting, already
highlighted by Mackenbach et al. [41] or Elstad [40], can be
explained by better medical information related to the more
frequent use of health care or greater attention paid to the health
of social classes. Moreover, one wonders whether the physical
concept of activity limitation and the degree of intensity of
physical pain are understood in the same way by all social
groups. The indicator of social activity limitations due to physical
and mental health problems is also a reporting bias related to the
level of education and the profession. Individuals with a higher
level of education, managers, and clerks, although they have a0
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health; MH, mental health; PF, physical functioning; RE, role-embetter latent health than do those without diploma or workers,
most frequently reported activity limitations. This overreporting
is perhaps related to less tolerance of functional limitations and
restrictions in activity related to the state of health.
The results correspond to the justiﬁcation bias as proposed by
Bound [42], according to which people would justify their exit
from the labor market because of their poor health. Several biases
affecting the reporting of perceived health have also been high-
lighted. We observed that individuals with a high education level
less frequently reported poor health than did those with the most
education or those without a diploma. This optimism bias
compared with the most educated individuals could be explained
by higher expectations for health when people are more educated
as suggested by Mackenbach et al. [41] or Elstad [40]. In agree-
ment with the results of Shmueli [44], our analysis conﬁrms the
underreporting bias of MH problems by old people. However,
results for the MH indicator suggest overreporting of this type of
health problems for women. However, this result may also be due
to a speciﬁc sex effect on this dimension of health, the risk of
depression or anxiety being more common among women
[46,47]. Finally, we show overreporting of MH problems by
divorced or widowed, undoubtedly partly due to the speciﬁc
inﬂuence of isolation on this dimension of health.VT SF RE MH
ensions
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al Institute for Public Health [48]. BP, bodily pain; GH, general
otional; RP, role-physical; SF, social functioning; VT, vitality.
0
10
20
30
40
50
60
70
80
90
PF RP BP GH VT SF RE MH
Sc
or
e 
(%
)
Dimensions
Married Single Divorced Widowed
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VT, vitality.
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Although the present study did not provide evidence for test-
retest reliability, responsiveness to change, or other psychometric
tests, the results showed that the Tunisian version of the SF-12 is
a reliable and valid measure and suggest its potential for measur-
ing HRQOL in large-scale studies, speciﬁcally when overall phys-
ical and mental health are the outcomes of interest instead of the
typical eight-scale proﬁle. In general, this analysis highlights the
existence of reporting heterogeneity related to the sociodemo-
graphic characteristics affecting all the considered health indica-
tors. Among these indicators, the statement of physical and social
activity limitations and social activity limitations due to physical
and mental health problems suffer many biases, including the
bias of pessimism linked to educational status, household
income, and social status. On the contrary, the indicators of GH
and activity limitations due to emotional problems and MH
problems seem to be less biased indicators.
Finally, these indicators represent various dimensions of
health that seem to be a good measurement tool for measuring
social inequalities in health and they can advantageously be used
according to the objectives of the analysis and raised issues. It
was hoped that this might contribute to the exiting literature and
help both researchers and health professionals to have an
opportunity to use the questionnaire in their potential research
and practice in the future.Acknowledgments
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